The international trade in bee products is a complex issue as a result of the diverse uses of these products. This is especially true with regard to honey. In most cases, honey is imported for human consumption: the high purchase and shipping costs preclude the use of honey as feed for bees. For these reasons, the risk of transmitting disease through honey is minimal. However, this risk should not be ignored, especially in those countries where American foulbrood is not known to occur.
Introduction
The international trade of bee products is a complex issue because of the diverse uses of bee products. The purpose of this analysis is to assess the risks of such trade only with regard to animal health (honey bees, Apis mellijerd): the risks posed for public health are not considered here.
Honey
Honey is the primary product of the hive which is traded on the world market. As a result of its monetary value, honey is traded primarily for human consumption and not as bee feed. It is quite unlikely that a beekeeper would purchase honey from another beekeeper to use as bee feed.
The risks posed by contaminated honey are minor; leaks in shipping containers could lead to 'robbing' of the honey by foraging bees, and discarded honey containers (whether these are barrels or consumer packs) may also be accessible to honey bees.
Honey as a carrier of bee diseases

American foulbrood disease
American foulbrood (AFB) disease, caused by the bacterium Bacillus larvae, is the only bee disease of economic importance known to be transmitted by honey. The disease is found on every continent where honey bees are kept. Only the spores of B. larvae are capable of inciting the disease, and only young larvae are susceptible. Sturtevant (11) estimated that 50,000,000 or more B. larvae spores must be fed to initiate the disease in a hive of honey bees.
The most common method of disease transmission is the interchange of bee equipment between beehives with AFB-diseased brood and healthy beehives. Adult bees which have ingested honey containing B. larvae spores and which as a result have contaminated mouthparts may also transmit spores to young larvae at feeding.
European foulbrood disease
European foulbrood (EFB) disease is caused by the bacterium Melissococcus pluton. As with AFB, this disease only affects young larvae and is transmitted primarily by the interchange of brood combs between colonies with and without EFB. There is no evidence to implicate honey as a medium for the transmission of EFB and no data exist on the minimum infective dose. However, it may be remotely possible (although not proven by scientific testing) that honey contaminated with M. pluton could affect the mouthparts of nurse bees which may consequently transmit EFB disease. No tests have been devised to examine honey specifically for the presence of M. pluton.
Powdery scale disease
Powdery scale disease is believed to be caused by the bacterium Bacillus pulvijaciens and is of no economic significance. Spores of B. pulvijaciens have been isolated from honey but there is still some question as to whether this bacterium is indeed the cause of powdery scale disease.
Other bee diseases and mites
There are no parasitic mites or other diseases of economic importance which are transmitted by honey.
Risk analysis of honey
The most extensive survey into the incidence of B. larvae spores in commercial honey was conducted by Hansen (5) who examined 131 samples of honey and found B. larvae spores in 56% of the samples. Since Sturtevant (11) had established that 50,000,000 spores of B. larvae were required to initiate AFB disease in a colony of bees and Hansen reported that the high average was 600,000 spores in five grams of honey, it would be necessary for a colony to be fed more than 400 grams of honey to initiate AFB disease. Furthermore, since honey is not normally fed to larvae less than three days after egg-hatch and larvae older than 53 hours are no longer susceptible to AFB, the risk of transmitting the disease through honey is small.
In most cases, honey is imported for human consumption and not for bee feed. The cost of honey, added to shipping costs, precludes its use as an imported bee feed. For these reasons, the risk of transmitting AFB through honey is minimal. However, this risk should not be ignored, particularly in those countries where AFB is not known to occur.
Bacterial contamination of honey
Occasionally it may be necessary to examine honey for the presence of B. larvae. Due to the high concentration of carbohydrates and other naturally occurring bacteriostatic substance(s) in honey, the examination of honey requires special considerations. The classical method (11, 12) is to dilute the honey 1:9 with water, centrifuge the mixture to concentrate the spores in the sediment, and then examine the sediment microscopically for the presence of spores. However, cultural techniques are required to provide conclusive evidence of the presence of B. larvae spores in honey. Depending on the minimum detectable level desired, several methods are proposed for demonstrating the presence of viable B. larvae spores in honey. No standards have been established for a safe level of B. larvae spore contamination in honey.
Direct inoculation
This method is described by Hansen (4, 5) . Aliquots (5 g) of the honey to be examined are placed in 50 ml sterile beakers and these are set in a water bath for five minutes (effective time) at 88°C-92°C. After heating, an inoculating loop is used consecutively to streak three agar plates containing appropriate media. This is equal to a sample of approximately 0.08 g honey. The plates are incubated at 37°C for 72 hours and then examined for colonies of B. larvae. The method can detect B. larvae when more than 2,000 spores are present in 1 g honey. The direct inoculation of honey onto agar plates is quick and easy: however, the method is limited by the amount of honey which can be sampled and the likelihood of contaminants.
Dialysis
The dialysis method is described by Shimanuki and Knox (9) . Honey to be examined is heated to 45°C to permit easier handling and to decrease viscosity (for more uniform distribution of any spores that may be present). The honey (25 ml) is placed in a 50 ml beaker and diluted with 10 ml sterile water. The diluted honey is then transferred into a 1.75 inch (44 mm) dialysis tube. The open end is sealed after the tube is filled, and the tube is then submerged in a water bath with three to four water changes over 18 hours. Following dialysis, the contents of the tube are centrifuged at about 2,000 x g for 20 minutes. The supernatant is carefully removed with a pipette, the remaining residue is resuspended in 9 ml water in a screw-cap vial and heat shocked at 80°C for 10 min (effective time) to kill non-sporeforrning bacteria. Next, 0.5 ml of the suspension is spread onto an agar plate containing the appropriate media. The plate is incubated at 37°C for 72 hours and then examined for colonies of B. larvae. Using the dialysis technique, the presence of B. larvae can be determined when more than 80 spores are present in 1 g honey.
Pollen
Bee-collected pollen is usually trapped at the entrance of beehives by a device called a pollen trap. The pollen trap literally scrapes the pollen off the hind legs of returning foraging bees. The only processing which pollen undergoes is drying (usually by warm air) and the physical removal of some debris (insects, mites, and pieces of dead adults and brood). After the larger pieces of debris have been removed by hand, bee-collected pollen is cleaned by passing the pollen in front of an air-stream to separate the lighter pieces of debris from the pollen pellets.
Pollen is used for a number of purposes. In addition to health food stores which sell pollen pellets and other pollenformulated products for human consumption, beekeepers use pollen to increase the attractiveness and consumption of pollen substitutes by bees. It is unlikely that beekeepers would import pollen specifically for bee use due to the high costs involved.
Pollen as a carrier of bee diseases
The design of pollen traps makes it difficult for house-cleaning bees to remove the remains of dead bees (scales and mummies) from the hive. These remains fall into the pollen trap, contaminating the collected pollen. As a consequence, pollen collected from diseased colonies and fed to disease-free colonies can be a means of disease dissemination.
American foulbrood disease
Since the diseased remains of AFB are difficult to remove from the wax comb, house-cleaning bees gnaw the AFB scales and remove the pieces which fall into the pollen trap. A single scale of AFB is estimated to contain 2.5 X 10 9 spores of B. larvae. The lethal dose 50% (LD 50 ) for day-old honey bee larvae is only 35 spores, so a small piece of foulbrood scale could contaminate the mouthparts of a nurse bee feeding on pollen and initiate an infection in the larvae. For this reason, the importation of pollen for bee feed can be hazardous, particularly from those countries known to have uncontrolled American foulbrood disease.
European foulbrood disease
Although the scales of EFB are physically easier to remove than those of AFB, the honey bees also remove these scales in pieces. Consequently, pieces of EFB scales may cause contamination of bee-collected pollen.
Chalkbrood disease
Chalkbrood disease is caused by the fungus Ascosphaera apis. In the case of chalkbrood, a dead bee larva forms a 'mummy' rather than a scale. Mummies, like scales, are removed wholly or in pieces. Thus, remnants of chalkbrood mummies can be found in pollen and may become a source of the pathogen. The importation of pollen is believed to have been a route of entry into the United States of America for this disease.
Insects and mites
There have been a number of studies on the survival of Varroa jacobsoni on bee-collected pollen. The average survival of V. jacobsoni on pollen is 41 hours at 26°C and 18 hours at 13°C (2) . The survival of Tropilaelaps clareae requires the presence of bee brood. Thus if no bee brood is present, T. clareae cannot survive for more than 72 hours.
Leonard et al. (7) examined 509 samples of pollen from 14 countries and found 71 insect and 27 mite families. This study provides a detailed list of insect and mite families found in association with pollen, the countries of origin and their frequency. No regulated arthropod was found in any of the pollen samples.
Reducing risks
Importing pollen for bee feed carries a definite risk, since there are no accepted procedures for determining whether pollen is free from pathogens, insects and mites. Drying the pollen would reduce the survival of mites and insects, but would not have any impact on bacterial spores. Gochnauer and Comer (3) made a water suspension of pollen and filtered the suspension through a No. 2 filter paper, then centrifuged the filtrate. The resulting pellet was then examined microscopically or cultured for the presence of B. larvae or M. pluton. The authors believe that it would be possible to use fluorescent antibody or an enzyme-linked immunosorbent assay for the detection of bee pathogens, although the technique has not been applied to the examination of pollen.
Royal jelly
Royal jelly is not usually imported for use within bee colonies.
Most -if not all -imported royal jelly is destined for use as a food supplement for humans. Furthermore, royal jelly has not been implicated as a medium for the transmission of any bee disease. However, royal jelly is frequently sold as part of a honey product and this could pose a limited risk to bees when the containers are disposed of in a landfill type situation (see 'Honey' above).
Beeswax
Beeswax can be imported in many forms, the most predominant of which is a cake, formed by melting used honeycomb or the wax from cappings when extracting honey.
In some situations, beeswax may be imported as used honeycomb or as used bee equipment.
Beeswax is primarily imported as a raw material for honeycomb foundation, candles, cosmetics and furniture polishes. Commercially made foundation has not been incriminated as an agent for the dissemination of any bee disease. Used honeycomb, however, when placed in a colony, poses a high risk for the transmission of bee diseases and to some extent parasitic mites. De Guzman et al. (2) found the average survival of V. jacobsoni on beeswax honeycomb to be 37 hours at 26°C and 35 hours at 13°C.
There are no methods known to the authors for the cultivation of bee pathogens from beeswax.JCostecki (6) and Shimanuki and Knox (10) used direct microscopic examination of beeswax extracts made with chloroform or boiling water. A more recent method is the modification by Alippi (1) of the culture technique first described by Machova, using a benzene extract of beeswax (8) .
Conclusion
Phytosanitary certificates should be required for the importation of honey and pollen when these products are destined for bee feed. The declaration on the phytosanitary certificate should include the country of origin and the status of the following bee diseases and parasitic mites in that country: American foulbrood disease, European foulbrood disease, chalkbrood disease, V.jacobsoni and Tropilaelaps clareae. Virus-induced diseases should be exempt from certification as the economic importance of these diseases has not been demonstrated and the high cost of diagnosis and availability of the tests preclude their use. Phytosanitary certificates should be issued either for the product or at the level of the producer. Country certifications should indicate when the inspection was made and risks due to geographical considerations (e.g. size of country and isolation from disease or mite infestations). 
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Resumen
Los intercambios internacionales de productos apícolas constituyen un tema complejo, sobre todo a causa de los diversos usos a los que se destinan a dichos productos. Esto es el caso en particular para la miel. En la mayoría de los casos, el destino de la miel importada es el consumo humano. Sus elevados costes de adquisición y transporte hacen prohibitivo el uso de la miel para alimentar a las abejas. Por esta razón, el riesgo de transmisión de enfermedades de las abejas a través de la miel es mínimo, aunque no por ello conviene ignorarlo, especialmente en aquellos países donde no se ha detectado la presencia de loque americana. La importación de polen como alimento para las abejas entraña un riesgo indudable, habida cuenta sobre todo de la falta de procedimientos fiables para determinar si un polen está exento de patógenos, insectos o ácaros. El secado sistemático del polen podría reducir la supervivencia de ácaros e insectos, pero no tendría efecto alguno sobre las esporas bacterianas. Cuando la miel y el polen están destinados a la alimentación de abejas, es necesario exigir certificados fitosanitarios para su importación. En la declaración de inocuidad fitosanitaria debe constar el país de origen y la eventual presencia en él de las siguientes enfermedades o ácaros parásitos de las abejas: loque americana, loque europea, micosis (Ascosphaera apis), Varroa jacobsoni y Tropilaelaps clareae.
